
(12) United States Patent 
Yoshii et al. 

US00787955OB2 

US 7,879,550 B2 
Feb. 1, 2011 

(10) Patent No.: 
(45) Date of Patent: 

(54) PROBE, PROBE SET, PROBE-IMMOBILIZED 
CARRIER, AND GENETICTESTING 
METHOD 

(75) Inventors: Hiroto Yoshii, Tokyo (JP); Toshifumi 
Fukui, Yokohama (JP); Hideto 
Kuribayashi, Kawasaki (JP) 

(73) Assignee: Canon Kabushiki Kaisha, Tokyo (JP) 

(*) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 269 days. 

(21) Appl. No.: 11/935,849 

(22) Filed: Nov. 6, 2007 

(65) Prior Publication Data 

US 2009/O 13067OA1 May 21, 2009 

(30) Foreign Application Priority Data 
Nov. 10, 2006 (JP) ............................. 2006-306004 

(51) Int. Cl. 
CI2O I/68 (2006.01) 
CI2P 19/34 (2006.01) 

(52) U.S. Cl. .......................... 435/6: 435/91.1; 435/91.2 
(58) Field of Classification Search ....................... None 

See application file for complete search history. 
(56) References Cited 

U.S. PATENT DOCUMENTS 

5,512446 A 4/1996 Miyazaki et al. 
5,700,647 A 12/1997 Miyazaki et al. 
5,846,730 A 12/1998 Miyazaki et al. 

6/2003 Fodor et al. .................... 506.9 
12/2004 Yamamoto et al. 
7, 2005 Yoshii 
5, 2007 Yoshii et al. 
6, 2007 Fukui et al. 
5, 2008 Fukui et al. 

6,582,908 B2* 
2004/0241643 A1 
2005, 0164217 A1 
2007/0105100 A1 
2007/01347 O2 A1 
2008.0113363 A1 

2008.0113364 A1 
2008.0113365 A1 
2008/O124733 A1 

FOREIGN PATENT DOCUMENTS 

5/2008 Fukui et al. 
5/2008 Kuribayashi et al. 
5/2008 Fukui et al. 

JP 8-892.54 4f1996 
JP 2004-313181 11, 2004 
JP 2006-129810 5, 2006 
JP 2006-1298.28 A 5, 2006 
WO 04-001022 12/2003 

OTHER PUBLICATIONS 

U.S. Appl. No. 11/996,744. International Filing Date Aug. 4, 2006, 
Yoshii. 
U.S. Appl. No. 1 1/935,930, filed Nov. 6, 2007, Yoshii, et al. 
U.S. Appl. No. 1 1/935,807, filed Nov. 6, 2007, Kuribayashi, et al. 
U.S. Appl. No. 1 1/935,789, filed Nov. 6, 2007, Fukui, et al. 
U.S. Appl. No. 1 1/935,746, filed Nov. 6, 2007, Yoshii, et al. 
U.S. Appl. No. 1 1/935,820, filed Nov. 6, 2007, Kuribayashi, et al. 
U.S. Appl. No. 1 1/935,914, filed Nov. 6, 2007, Kuribayashi, et al. 
European Search Report dated Apr. 8, 2008 in European Application 
No. 07021830.O. 
G. Dasen, et al., Classification and Identification of Propionibacteria 
Based on Ribosomal RNA Genes and PCR. System. Appl. 
Microbiol., vol. 21, 1998, pp. 251-259. 
Official Action dated Feb. 12, 2010 in Chinese Application No. 
2007101700398. 

* cited by examiner 
Primary Examiner Young J Kim 
(74) Attorney, Agent, or Firm Fitzpatrick, Cella, Harper & 
Scinto 

(57) ABSTRACT 

A nucleic acid probe for classification of pathogenic bacterial 
species is capable of collectively detecting bacterial strains of 
the same species and differentially detecting them from other 
bacterial species. Any one of the base sequence of SEQ ID 
NO. 94 and complementary or modified sequences thereofor 
a combination of at least two of them is used for detecting the 
gene of an infectious disease pathogenic bacterium. 
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PROBE, PROBE SET, PROBE-IMMOBILIZED 
CARRIER, AND GENETICTESTING 

METHOD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a probe and a probe set for 

detecting a gene of infectious disease pathogenic bacterium, 
Propionibacterium (genus), which are useful for detection 
and identification of the causative organism of an infectious 
disease, a probe-immobilized carrier on which the probe or 
the probe set is immobilized, a genetic testing method using 
the probe-immobilized carrier, and a genetic testing kit to be 
used for the method. 

2. Related Background Art 
Heretofore, reagents for and methods of quickly and accu 

rately detecting the causative organisms of infectious dis 
eases in analytes have been proposed. For instance, Japanese 
Patent Application Laid-OpenNo. H08-089254 discloses oli 
gonucleotides having specific base sequences, which can be 
respectively used as probes and primers for detecting patho 
genic bacteria of candidiasis and aspergillosis, and a method 
of detecting target bacteria using Such oligonucleotides. In 
addition, the same patent document also discloses a set of 
primers used for concurrently amplifying a plurality of target 
bacteria by PCR. In other words, those primers are used for 
the PCR amplification of nucleic acid fragments from fungi, 
which serve as a plurality of targets, in an analyte. Target 
fungal species in the analyte can be identified by detecting the 
presence of a specific part of the sequence by a hybridization 
assay using probes specific to the respective fungi and the 
nucleic acid fragments amplified by the respective primers. 
On the other hand, the method to use probe array in which 

probes having sequences complementary to the respective 
base sequences are arranged at intervals on a solid Support is 
known as a method capable of simultaneously detecting a 
plurality of oligonucleotides having different base sequences 
(Japanese Patent Application Laid-Open No. 2004-313181). 

SUMMARY OF THE INVENTION 

However, it is no easy task to design a probe for specifically 
detecting a gene of an infectious disease pathogenic bacte 
rium in a sample. That is, as well as the target gene, the sample 
may further contain genes of other infectious disease patho 
genic bacteria. Thus, it is no easy task to design the probe that 
specifically detects the gene of the infectious disease patho 
genic bacterium while Suppressing the cross contamination 
which is the influence of the presence of the genes of other 
infectious disease pathogenic bacteria. Under Such circum 
stances, the inventors of the present invention have studied for 
obtaining a probe which allows accurate detection of a gene 
of an infectious disease pathogenic bacterium as mentioned 
hereinbelow while maintaining the cross contamination level 
low even when a sample in which genes of different bacteria 
are present is used. As a result, the inventors of the present 
invention have finally found a probe capable of precisely 
detecting the gene of the infectious disease pathogenic bac 
terium, Propionibacterium (genus). 
A first object of the present invention is to provide a probe 

and a probeset, which can precisely identify a gene of a target 
bacterium from an analyte in which various bacteria are con 
currently present. Another object of the present invention is to 
provide a probe-immobilized carrier which can be used for 
precisely identifying a target bacterium from an analyte in 
which various bacteria are concurrently present. Still another 
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2 
object of the present invention is to provide a genetic testing 
method for detecting a target bacterium, which can quickly 
and precisely detect the target bacterium from various bacte 
ria in an analyte when they are present therein, and a kit for 
Such a method. 
The probe for detecting a gene of infectious disease patho 

genic bacterium, Propionibacterium (genus), of the present 
invention has any one of the following base sequences (1) to 
(3): 
(1) GCTTTCGATACGGGTTGACTTGAGGAA (SEQ ID 
NO. 94) or a complementary sequence thereof; 
(2) a modified sequence prepared such that any one of the 
sequences of SEQ ID NO. 94 and the complementary 
sequence thereof is subjected to base deletion, Substitution, or 
addition as far as the modified sequence retains a function as 
the probe. 

In addition, the probe set for detecting a gene of infectious 
disease pathogenic bacterium, Propionibacterium (genus), of 
the present invention includes at least two probes selected 
from the following items (A) to (D): 
(A) a probehaving a base sequence represented by GCTTTC 
GATACGGGTTGACTTGAGGAA (SEQID NO. 94); 
(B) a probe having a complementary sequence of the base 
sequence represented by SEQID NO. 94; 
(C) a probe having a modified sequence obtained by base 
deletion, Substitution, or addition on the base sequence rep 
resented by SEQID NO. 94 as far as it retains the function of 
a probe for detecting the gene of Propionibacterium (genus); 
(D) a probe having a modified sequence obtained by base 
deletion, Substitution, or addition on the complementary 
sequence of the base sequence represented by SEQID NO. 94 
as far as it retains the function of a probe for detecting the gene 
of Propionibacterium (genus); and the characteristic feature 
of the probe-immobilized carrier of the present invention is 
that at least one of the above-mentioned probes (A) to (D) is 
immobilized on a solid-phase carrier, and when a plurality of 
probes are employed, the respective probes are arranged at 
intervals. 
The method of detecting a gene of an infectious disease 

pathogenic bacterium, Propionibacterium (genus), in an ana 
lyte by using a probe-immobilized carrier of the present 
invention includes the steps of 
(i) reacting the analyte with the probe-immobilized carrier 
having the above-mentioned constitution; and 
(ii) detecting the presence or absence of a reaction of the 
probe on the probe-immobilized carrier with a nucleic acid in 
the analyte, or detecting the strength of a hybridization reac 
tion of the probe on the probe-immobilized carrier with a 
nucleic acid in the analyte. 
The characteristic feature of the kit for detecting an infec 

tious disease pathogenic bacterium, Propionibacterium (ge 
nus), of the present invention is to include at least one of the 
above-mentioned probes (A) to (D), and a reagent for detect 
ing a reaction between the probe and a target nucleic acid. 

According to the present invention, when an analyte is 
infected with the above-mentioned causative bacterium, the 
bacterium can be more quickly and precisely identified from 
the analyte even if the analyte is simultaneously and com 
plexly infected with other bacteria in addition to the above 
mentioned bacterium. In particular, Propionibacterium (ge 
nus) can be detected while precisely distinguishing it from 
Escherichia coli which may otherwise cause cross contami 
nation. 
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Further features of the present invention will become 
apparent from the following description of exemplary 
embodiments with reference to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram illustrating a 1st PCR protocol. 
FIG. 2 is a diagram illustrating a 2nd PCR protocol. 

DETAILED DESCRIPTION OF THE INVENTION 

The inventors of the present invention have obtained 
almost all of bacteria (represented by (1) to (80) below), 
which have been known as septicemia pathogenic bacteria So 
far, from the respective depository institutions and identified 
the 16S rRNA gene sequences of all the bacteria. 

Subsequently, while making a comparison of all the iden 
tified sequences, probe sequences for Propionibacterium (ge 
nus) were investigated in detail and the probes of the present 
invention, which can identify Propionibacterium (genus), 
have finally been found out. 

(1) Staphylococcusatiretts (ATCC12600) 
(2) Staphylococciis epidermidis (ATCC14990) 
(3) Escherichia coli (ATCC11775) 
(4) Klebsiella pneumoniae (ATCC13883) 
(5) Pseudomonas aeruginosa (ATCC10145) 
(6) Serratia marcescens (ATCC13380) 
(7) Streptococcus pneumoniae 
(8) Haemophilus influenzae 
(9) Enterobacter cloacae 

(10) Enterococcus faecalis 
(11) Staphylococci is haemolyticuts 
(12) Staphylococcus hominis 

(ATCC33400) 
(ATCC33391) 
(ATCC13047) 
(ATCC19433) 
(ATCC29970) 
(ATCC27844) 

(13) Staphylococci is saprophyticits (ATCC15305) 
(14) Streptococci is agaiaciae (ATCC13813) 
(15) Streptococcits mutans (ATCC25175) 
(16) Streptococcus pyogenes (ATCC12344) 
(17) Streptococci is sanguinis (ATCC10556) 
(18) Enterococcus avium (JCM8722) 
(19) Enterococcus faecium (ATCC19434) 
(20) Pseudomonas fluorescens (ATCC13525) 
(21) Pseudomonas puttida (ATCC12633) 
(22) Burkholderia cepacia (JCM5964) 
(23) Stenotrophomonas maitophilia (ATCC13637) 
(24) Acinetobacter baumannii (ATCC19606) 
(25) Acinetobacter calcoaceticus 
(26) Achromobacter xylosoxidans 

(ATCC23055) 
(ATCC27061) 

(27) Vibrio vulnificus (ATCC27562) 
(28) Salmonella choleraesuis (JCM1651) 
(29) Citrobacter fieundi (ATCC8090) 
(30) Klebsiella Oxytoca 
(31) Enterobacter aerogenes 
(32) Hafnia alvei 
(33) Serratia liquefaciens 
(34) Proteus mirabilis 
(35) Proteus vulgaris 
(36) Morganella morganii 
(37) Providencia retigeri 
(38) Aeromonas hydrophila 
(39) Aeromonas sobria 
(40) Gardnerella vaginalis 
(41) Corynebacterium diphtheriae 
(42) Legionella pneumophila 
(43) Bacilius cereus 
(44) Bacilius subtilis 
(45) Mycobacterium kansasii 
(46) Mycobacterium intracellulare 
(47) Mycobacterium chelonae 
(48) Nocardia asteroids 

(ATCC13182) 
(ATCC13048) 
(ATCC13337) 
(ATCC27592) 
(ATCC2.9906) 
(ATCC33420) 
(ATCC25830) 
(JCM1675) 
(JCM1027) 
(ATCC43979) 
(ATCC14018) 
(ATCC2701) 
(ATCC33152) 
(ATCC14579) 
(ATCC6051) 
(ATCC12478) 
(ATCC13950) 
(ATCC35752) 
(ATCC19247) 

(49) Bacteroides fragilis (JCM11019) 
(50) Bacteroides thetaiotaomicron (JCM5827) 
(51) Clostridium difficile (ATCC51695) 
(52) Clostridium perfingens (JCM1290) 
(53) Eggerthella lenta (JCM10763) 
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-continued 

(54) Fusobacterium necrophorum (JCM3718) 
(55) Fusobacterium nucleatum (ATCC25586) 
(56) Lactobacilius acidophilus (ATCC4356) 
(57) Anaerococcus prevotii (JCM6490) 
(58) Peptoniphilus asaccharolyticus (JCM8143) 
(59) Porphyromonas asaccharolytica (JCM6326) 
(60) Porphyromonas gingivais (JCM8525) 
(61) Prevoteila denticola (ATCC38184) 
(62) Propionibacterium acnes (JCM6473) 
(63) Acinetobacter johnsonii 
(64) Acinetobacter junii 
(65) Aeromonas Schubertii 
(66) Aeromonas veronii 
(67) Bacteroides distasonis 
(68) Bacteroides vulgatus 
(69) Campylobacter coli 
(70) Campylobacter hyointestinalis 
(71) Campylobacter jejuni 
(72) Flavobacterium aquatile 
(73) Flavobacterium mizutai 
(74) Peptococcus niger 
(75) Propionibacterium avidium 
(76) Propionibacterium feudenreichii 
(77) Propionibacterium granulosum 
(78) Clostridium butyricum 
(79) Flavobacterium hydatis 
(80) Flavobacterium johnsoniae 

(ATCC17909) 
(ATCC17908) 
(ATCC43700) 
(ATCC35624) 
(ATCC8503) 
(ATCC8482) 
(ATCC33559) 
(ATCC35217) 
(ATCC33560) 
(ATCC11947) 
(ATCC33299) 
(ATCC27731) 
(ATCC25577) 
(ATCC6207) 
(ATCC25564) 
(ATCC13949) 
(NBRC14958) 
(NBRC14942) 

The deposition numbers of the bacterial species obtained 
are shown in the respective parentheses on the right side in the 
above. Bacterial species having deposition numbers begin 
ning with “ATCC”, “JCM’ and “NBRC are available from 
American Type Culture Collection, Japan Collection of 
Microorganisms (RIKEN BioResource Center) and National 
Board for Respiratory Care, respectively. 
The present invention provides an oligonucleotide probe 

for identifying an infectious disease pathogenic bacterium 
(hereinafter, simply referred to as a probe) and a probe set 
including a combination of two or more probes. The use of 
such a probe or a probe set allows the detection of the follow 
ing bacterium which will cause inflammation by infection. 

Bacterial Name 
Propionibacterium (Genus) 
That is, the probe of the present invention can detect the 

16S rRNA gene sequence among genes of the above-men 
tioned bacterium, having the following sequences: 

(A) a probehaving a base sequence represented by GCTTTC 
GATACGGGTTGACTTGAGGAA (SEQID NO. 94); 
(B) a probe having a complementary sequence of the base 
sequence represented by SEQID NO. 94; 
(C) a probe having a modified sequence obtained by base 
deletion, Substitution, or addition on the base sequence rep 
resented by SEQID NO. 94 as far as it retains the function of 
a probe for detecting the gene of Propionibacterium (genus); 
(D) a probe having a modified sequence obtained by base 
deletion, Substitution, or addition on the complementary 
sequence of the base sequence represented by SEQID NO. 94 
as far as it retains the function of a probe for detecting the gene 
of Propionibacterium (genus); and the probe set can be 
formed using at least two of those probes. 
The functions of those probes significantly depend on the 

specificity of each probe sequence corresponding to the target 
nucleic acid sequence of interest. The specificity of a probe 
sequence can be evaluated from the degree of coincidence of 
bases with the target nucleic acid sequence and the probe 
sequence. Further, when a plurality of probes constitute a 
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probe set, the variance of melting temperatures among the 
probes may affect the performance of the probe set. 

For designing a probe sequence, a region showing a high 
specificity to a specific bacterial species of interest regardless 
of any differences in strain is selected. The region contains 
three or more bases which are not coincident with corre 
sponding bases in the sequences of any other bacterial spe 
cies. The probe sequence is designed so that the melting 
temperature between the probe sequence and the correspond 
ing sequence of the specific bacterial species of interest will 
differ by 10° C. or more from the melting temperatures 
between the probe sequence and the corresponding sequences 
of any other bacterial species. Further, one or more bases can 
be deleted or added so that the respective probes immobilized 
on a single carrier may have melting temperatures within a 
predetermined range. 
The inventors of the present invention found out by experi 

ments that the hybridization intensity of a probe will not be 
significantly attenuated if 80% or more of the base sequence 
is consecutively conserved. It can therefore be concluded, 
from the finding. Such that any sequences modified from the 
probe sequences disclosed in the specification will have a 
sufficient probe function if 80% or more of the base sequence 
of the probe is consecutively conserved. 
The above-mentioned modified sequences may include 

any variation as far as it does not impair the probe's function, 
or any variation as far as it hybridizes with a nucleic acid 
sequence of interest as a detection target. Above all, it is 
desirable to include any variation as far as it can hybridize 
with a nucleic acid sequence of interest as a detection target 
under stringent conditions. Preferable hybridization condi 
tions confining the variation include those represented in 
examples as described below. Here, the term “detection tar 
get used herein may be one included in a sample to be used 
in hybridization, which may be a unique base sequence to the 
infectious disease pathogenic bacterium, or may be a comple 
mentary sequence to the unique sequence. Further, the varia 
tion may be a modified sequence obtained by deletion, Sub 
stitution, or addition of at least one base as far as it retains a 
function as the probe. 

Those probe sequences are only specific to the DNA 
sequence coding for the 16S rRNA of the above-mentioned 
bacterium, so sufficient hybridization sensitivity to the 
sequence will be expected even under stringent conditions. In 
addition, any of those probe sequences forms a stable hybrid 
ized product through a hybridization reaction thereof with a 
target analyte even when the probe sequences are immobi 
lized on a carrier, which is designed to produce an excellent 
result. 

Further, a probe-immobilized carrier (e.g., DNA chip), on 
which the probe for detecting the infectious disease patho 
genic bacterium of the present invention, can be obtained by 
Supplying the probe on a predetermined position on the car 
rier and immobilizing the probe thereon. Various methods can 
be used for Supplying the probe to the carrier. Among them, 
for example, a method, which can be suitably used, is to keep 
a Surface State capable of immobilizing the probe on the 
carrier through a chemical bonding (e.g., covalent bonding) 
and a liquid containing the probe is then provided on a pre 
determined position by an inkjet method. Such a method 
allows the probe to be hardly detached from the carrier and 
exerts an additional effect of improving the sensitivity. In 
other words, when a stamping method conventionally used 
and called the Stanford method is employed to make a DNA 
chip, the resultant DNA chip has a disadvantage such that the 
applied DNA tends to be peeled off. Another one of the 
methods of forming DNA chips is to carry out the arrange 
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6 
ment of probes by the synthesis of DNA on the surface of a 
carrier (e.g., DNA chip from Affymetrix Co., Ltd.). In such a 
method of synthesizing probes on a carrier, it is difficult to 
make equal the amount of synthesized DNA for each probe 
sequence. Thus, the amount of immobilized probe per immo 
bilization area (spot) for each probe tends to vary consider 
ably. Such variations in amounts of the respective immobi 
lized probes may cause incorrect evaluation on the results of 
the detection with those probes. Based on this fact, the probe 
carrier of the present invention is preferably prepared using 
the above-mentioned inkjet method. The inkjet method as 
described above has an advantage such that the probe can be 
stably immobilized on the carrier and hardly detaching from 
the carrier to efficiently provide a probe carrier which can 
carry out detection with high sensitivity and high accuracy. 

In addition, a probe set may include at least two selected 
from the group consisting of SEQ ID NO. 94 as described 
above and the complementary sequence thereof and 
sequences obtained by base deletion, Substitution, or addition 
on those sequences as far as they retain the function of a probe 
for detecting the gene of Propionibacterium (genus). In this 
case, the accuracy of detecting the Propionibacterium (ge 
nus) gene can be further improved. 

Hereinafter, preferred embodiments of the present inven 
tion will be described in detail. 

Test objects to be tested using probe carriers (e.g., DNA 
chips) in which the probes of the present invention are immo 
bilized on carriers include those originated from humans and 
animals such as domestic animals. For example, a test object 
is any of those which may contain bacteria, including: any 
body fluids such as blood, cerebrospinal fluid, expectorated 
sputum, gastric juice, vaginal discharge, and oral mucosal 
fluid; and excretions such as urine and feces. All media, which 
can be contaminated with bacteria, can be also subjected to a 
test using a DNA chip. Such media include: food, drink water 
and water in the natural environment such as hot spring water, 
which may cause food poisoning by contamination; filters of 
air cleaners and the like; and so on. Animals and plants, which 
should be quarantined in import/export, are also used as ana 
lytes of interest. 
When the sample as described above can be directly used in 

reaction with the DNA chip, it is used as an analyte to react 
with the DNA chip and the result of the reaction is then 
analyzed. Alternatively, when the sample cannot be directly 
reacted with the DNA chip, the sample was subjected to 
extraction, purification, and other procedures for obtaining a 
target Substance ifrequired and then provided as an analyte to 
carry out a reaction with the DNA chip. For instance, when 
the sample contains a target nucleic acid, an extract, which 
may be assumed to contain Such a target nucleic acid, is 
prepared from a sample, and then washed, diluted, or the like 
to obtain an analyte solution followed by reaction with the 
DNA chip. Further, as a target nucleic acid is included in an 
analyte obtained by carrying out various amplification proce 
dures such as PCR amplification, the target nucleic acid may 
be amplified and then reacted with a DNA chip. Such analytes 
of amplified nucleic acids include the following ones: 
(a) An amplified analyte prepared by using a PCR-reaction 
primer designed for detecting 16S rRNA gene. 
(b) An amplified analyte prepared by an additional PCR reac 
tion or the like from a PCR-amplified product. 
(c) An analyte prepared by an amplification method other 
than PCR. 

(d) An analyte labeled for visualization by any of various 
labeling methods. 
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Further, a carrier used for preparing a probe-immobilized 
carrier, such as a DNA chip, may be any of those that satisfy 
the property of carrying out a solid phase/liquid phase reac 
tion of interest. Examples of the carrier include: flat substrates 
Such as a glass Substrate, a plastic Substrate, and a silicon 
wafer; a three-dimensional structure having an irregular Sur 
face; and a spherical body Such as a bead, and rod-, cord-, and 
thread-shaped structures. The surface of the carrier may be 
processed such that a probe can be immobilized thereon. 
Especially, a carrier prepared by introducing a functional 
group to its Surface to enable chemical reaction has a prefer 
able form from the viewpoint of reproducibility because the 
probe is stably bonded in the process of hybridization reac 
tion. 

Various methods can be employed for the immobilization 
of probes. An example of such a method is to use a combina 
tion of a maleimide group and a thiol (-SH) group. In this 
method, a thiol (—SH) group is bonded to the terminal of a 
probe, and a process is executed in advance to make the 
carrier (Solid) surface have a maleimide group. Accordingly, 
the thiol group of the probe supplied to the carrier surface 
reacts with the maleimide group on the carrier Surface to form 
a covalent bond, whereby the probe is immobilized. 

Introduction of the maleimide group can utilize a process 
of firstly allowing a reaction between a glass Substrate and an 
aminosilane coupling agent and then introducing a maleimide 
group onto the glass Substrate by a reaction of the amino 
group with an EMCS reagent (N-(6-maleimidocaproyloxy) 
succinimide, available from Dojindo). Introduction of the 
thiol group to a DNA can be carried out using 5'-Thiol 
Modifier C6 (available from Glen Research) when the DNA is 
synthesized by an automatic DNA synthesizer. 

Instead of the above-described combination of a thiol 
group and a maleimide group, a combination of e.g., an 
epoxy group (on the Solid phase) and an amino group (nucleic 
acid probe terminal), can also be used as a combination of 
functional groups to be used for immobilization. Surface 
treatments using various kinds of silane coupling agents are 
also effective. A probe in which a functional group which can 
react with a functional group introduced by a silane coupling 
agent is introduced is used. A method of applying a resin 
having a functional group can also be used. 

The detection of the gene of the infectious disease patho 
genic bacterium by using the probe-immobilized carrier of 
the present invention can be carried out by a genetic testing 
method including the steps of 
(i) reacting an analyte with a probe-immobilized carrier on 
which the probe of the present invention is immobilized; 
(ii) detecting the presence or absence of the reaction of a 
nucleic acid in the analyte with the probe on the probe 
immobilized carrier, or detecting the strength of the hybrid 
ization reaction of a nucleic acid in the analyte with the probe 
on the probe-immobilized carrier; and 
(iii) Specifying the probehaving reacted with the nucleic acid 
in the analyte when the reaction of the probe with the nucleic 
acid in the analyte is detected and specifying the gene of the 
infectious disease pathogenic bacterium in the analyte based 
on the nucleic acid sequence of the probe. 
The probe to be immobilized on the probe-immobilized 

carrier is at least one of the above-mentioned items (A) to (D). 
On the carrier, probes for detecting bacterial species other 
than Propionibacterium (genus) may be immobilized as other 
probes, depending on the purpose of test. In this case, the 
other probes may be those capable of detecting the bacterial 
species other than Propionibacterium (genus) without caus 
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8 
ing cross contamination and the use of Such probes allows 
simultaneous detection of a plurality of bacterial species with 
high accuracy. 

Further, as described above, when the 16S rRNA gene 
sequence of an infectious disease pathogenic bacterium in the 
analyte is amplified by PCR and provided as a sample to be 
reacted with a probe carrier, a primer set for detecting the 
infectious disease pathogenic bacterium can be used. The 
primer set Suitably includes at least one selected from oligo 
nucleotides represented in the following items (1) to (21) and 
at least one selected from oligonucleotides represented in the 
following items (22) to (28), more suitably includes all the 
oligonucleotides represented in the following items (1) to 
(28): 
(1) an oligonucleotide having a base sequence of 5'gcgg.cgt 
gcctaatacatgcaag 3' (SEQID NO: 1); 
(2) an oligonucleotide having a base sequence of 5' gcggcag 
gcctaacacatgcaag 3' (SEQID NO: 2): 
(3) an oligonucleotide having a base sequence of 5' gcggcag 
gcttaacacatgcaag 3' (SEQID NO:3); 
(4) an oligonucleotide having a base sequence of 5'gcggtag 
gcctaacacatgcaag 3' (SEQID NO: 4): 
(5) an oligonucleotide having a base sequence of 5'gcgg.cgt 
gcttaacacatgcaag 3' (SEQID NO: 5); 
(6) an oligonucleotide having a base sequence of 5'gcgggat 
gccttacacatgcaag 3' (SEQID NO: 6): 
(7) an oligonucleotide having a base sequence of 5'gcggcat 
gccttacacatgcaag 3' (SEQID NO: 7): 
(8) an oligonucleotide having a base sequence of 5'gcggcat 
gcttaacacatgcaag 3' (SEQID NO: 8): 
(9) an oligonucleotide having a base sequence of 5'gcgg.cgt 
gcttaatacatgcaag 3' (SEQ ID NO: 9); 
(10) an oligonucleotide having a base sequence of 5'gcggcag 
gcctaatacatgcaag 3' (SEQID NO: 10); 
(11) an oligonucleotide having a base sequence of 5' gcgg 
gatgctttacacatgcaag 3' (SEQID NO: 11): 
(12) an oligonucleotide having a base sequence of 5'gcgg.cgt 
gcctaacacatgcaag 3' (SEQID NO: 12); 
(13) an oligonucleotide having a base sequence of 5'gcgg.cgt 
gcataacacatgcaag 3' (SEQID NO: 13): 
(14) an oligonucleotide having a base sequence of 5'gcggcat 
gcctaacacatgcaag 3' (SEQID NO: 14); 
(15) an oligonucleotide having a base sequence of 5' gcg 
gcgcgcctaacacatgcaag 3' (SEQID NO: 15); 
(16) an oligonucleotide having a base sequence of 5' gcg 
gcgcgcttaacacatgcaag 3' (SEQID NO: 16); 
(17) an oligonucleotide having a base sequence of 5'gcgtcat 
gcctaacacatgcaag 3' (SEQID NO: 17); 
(18) an oligonucleotide having a base sequence of 5' gcgat 
aggcttaacacatgcaag 3' (SEQID NO: 18); 
(19) an oligonucleotide having a base sequence of 5' gcga 
caggcttaacacatgcaag 3' (SEQID NO: 19); 
(20) an oligonucleotide having a base sequence of 5'gctacag 
gcttaacacatgcaag 3' (SEQID NO: 20): 
(21) an oligonucleotide having a base sequence of 5' acagaat 
gcttaacacatgcaag 3' (SEQID NO: 21); 
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(22) an oligonucleotide having a base sequence of 5' atccagc 
cgcacct tccgatac 3' (SEQID NO: 22); 
(23) an oligonucleotide having a base sequence of 5" atccaac 
cgcaggttcccctac 3' (SEQID NO. 23); 
(24) an oligonucleotide having a base sequence of 5' atccagc 
cgcaggttcccctac 3' (SEQID NO: 24); 
(25) an oligonucleotide having a base sequence of 5' atccagc 
cgcacct tccggtac 3' (SEQID NO: 25); 
(26) an oligonucleotide having a base sequence of 5' atc 
cagcgccaggttcccctag 3' (SEQID NO: 26); 
(27) an oligonucleotide having a base sequence of 5' atccagc 
cgcaggttcticctac 3' (SEQID NO: 27); and 
(28) an oligonucleotide having a base sequence of 5' atccagc 
cgcacgttcccgtac 3' (SEQID NO: 28). 
Among them, a primer designed for allowing the amplifi 

cation of Propionibacterium (genus) is a primer set of the 
following: 
(5) an oligonucleotide having a base sequence of 5'gcgg.cgt 
gcttaacacatgcaag 3' (SEQID NO: 5); and 
(25) an oligonucleotide having a base sequence of 5' atccagc 
cgcacct tccggtac 3' (SEQID NO: 25). 

For detecting Propionibacterium (genus), at least Such a 
primer may be included. 
The utilities of the respective primers (1) to (28) for ampli 

fication of Propionibacterium (genus) can be evaluated and 
confirmed by, comparing each sequence of SEQID NOS. 1 to 
28 with a DNA sequence including the 16S rRNA coding 
region of Propionibacterium feudenreichii (ATCC 6207. 
SEQID NO.95). 
A kit for detecting the infectious disease pathogenic bac 

terium can be constructed using at least a probe as described 
above and a reagent for detecting a reaction of the probe with 
a nucleic acid in an analyte. The probe in the kit can prefer 
ably be provided as a probe-immobilized carrier as described 
above. Further, the detection reagent may contain a label to 
detect the reaction or a primer for carrying out amplification 
as a pre-treatment. 

EXAMPLES 

Hereinafter, the present invention will be described in more 
detail with reference to examples using probes for detecting 
an infectious disease pathogenic bacterium to detect Propi 
Onibacterium (genus). 

Example 1 

In this example, microorganism detection using 2-step 
PCR will be described. 

1. Preparation of Probe DNA 
A nucleic acid sequence shown in Table 1 was designed as 

probe to be used for detection of Propionibacterium (genus). 
Specifically, the following probe base sequence was selected 
from the genome part coding for the 16S rRNA gene of 
Propionibacterium (genus). This probe base sequence was 
designed such that it could have an extremely high specificity 
to the bacterium, and a sufficient hybridization sensitivity 
could be expected without variance for the probe base 
sequence. The probe base sequence need not always com 
pletely match with those shown in Table 1. Probes having 
base lengths of 20 to 30 which include the base sequence 
shown in Table 1 can also be used, in addition to the probe 
having the base sequence shown in Table 1. However, it 
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10 
should be ensured that the other portion of the base sequence 
than the portion shown in Table 1 in such a probe has no effect 
on the detection accuracy. 

TABLE 1. 

Name of microorganism 
Probionibacterium (genus) 

SEQ 
ID 

Probe No. NO. Sequence 

115 G. PRO O1 94. 5 GCTTTCGATACGGGTTGACTTGAGGAA 3 

For each probehaving a base sequence shown in Table 1, a 
thiol group was introduced, as a functional group to immobi 
lize the probe on a DNA chip, to the 5' terminal of the nucleic 
acid after synthesis in accordance with a conventional 
method. After introduction of the functional group, purifica 
tion and freeze-drying were executed. The freeze-dried 
probes for internal standard were stored in a freezer at -30°C. 

2. Preparation of PCR Primers 
2-1. Preparation of PCR Primers for Analyte Amplification 
As 16S rRNA gene (target gene) amplification PCR prim 

ers for pathogenic bacterium detection, nucleic acid 
sequences shown in Table 2 below were designed. Specifi 
cally, primer sets which specifically amplify the genome parts 
coding the 16S rRNAs, i.e., primers for which the specific 
melting points were made uniform as far as possible at the two 
end portions of the 16S rRNA coding region of a base length 
of 1,400 to 1,700 were designed. In order to simultaneously 
amplify a plurality of different bacterial species listed in the 
following items (1) to (80), mutants, or a plurality of 16S 
rRNA genes on genomes, a plurality of kinds of primers were 
designed. Note that a primer set is not limited to the primer 
sets shown in Table 2 as far as the primer set is available in 
common to amplify almost the entire lengths of the 16S rRNA 
genes of the pathogenic bacteria. 

TABLE 2 

Primer No SEQ ID NO. Sequence 

FO1 1. 5' goggcgtgcctaata catgcaag 3" 

FO2 2 5' goggcaggcctaacacatgcaag 3" 

FO3 3 5' goggcaggcttaa.ca catgcaag 3" 

FO4 4. 5' gogg taggcctaacacatgcaag 3" 

FOS 5 5' goggcgtgcttaa.ca catgcaag 3" 

FO6 6 5' gogggatgcct tacacatgcaag 3" 

FO7 7 5' gogg catgcct tacacatgcaag 3" 

FO8 8 5' gogg catgcttaa.ca catgcaag 3" 

FO9 9 5' goggcgtgcttaata catgcaag 3" 

F10 1O 5' goggcaggcctaata catgcaag 3" 

F11 11 5' gogggatgctttacacatgcaag 3" 

F12 12 5' goggcgtgcctaacacatgcaag 3" 

F13 13 5' goggcgtgcataa.ca catgcaag 3" 

F14 14 5' gogg catgcctaacacatgcaag 3" 

F15 15 5' goggcgc.gc.ctaacacatgcaag 3" 



TABLE 2 - continued 

Primer No SEQ ID NO. Sequence 

F16 16 5' goggcgc.gcttaa.ca catgcaag 3" 

E17 17 5' gogt catgcctaacacatgcaag 3" 

F18 18 5' gogataggcttaa.ca catgcaag 3" 

F19 19 5' gogacaggcttaa.ca catgcaag 3" 

F2O 2O 5' got acaggcttaa.ca catgcaag 3" 

F21 21 5' acagaatgcttaa.ca catgcaag 3" 

RO1 22 5' atccagcc.gcacct tcc.gatac 3." 

RO2 23 5' atccaa.ccgcaggttcc cctac 3." 

RO3 24 5' atccagcc.gcaggttcc cctac 3." 

RO4 25 5' atccagcc.gcacct tcc.gg tac 3." 

ROS 26 5' atccagcgc.caggttcc cc tag 3" 

RO6 27 5' atccagcc.gcaggttct cotac 3." 

RO7 28 5' atccagcc.gcacgttc.ccgtac 3." 
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(1) Staphylococcus aureus 
(2) Staphylococcus epidermidis 

(3) Escherichia coli 
(4) Klebsiella pneumoniae 
(5) Pseudomonas aeruginosa 

(6) Serratia marcescens 
(7) Streptococcus pneumoniae 

(8) Haemophilus influenzae 

(9) Enterobacter cloacae 
(10) Enterococcus faecalis 
(11) Staphylococcus haemolyticus 
(12) Staphylococcus hominis 
(13) Staphylococcus saprophyticus 
(14) Streptococcus agalactiae 
(15) Streptococcus mutans 
(16) Streptococcus pyogenes 
(17) Streptococcus sanguinis 

(18) Enterococcus avium 
(19) Enterococcus faecium 
(20) Pseudomonas fluorescent 
(21) Pseudomonas putida 
(22) Burkholderia cepacia 
(23) Stenotrophomonas maltophilia 

(24) Acinetobacter baumannii 
(25) Acinetobacter calcoaceticus 
(26) Achronobacter xylosoxidans 
(27) Vibrio vulnificus 
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(28) Salmonella choleraesuis 
(29) Citrobacter freundii 
(30) Klebsiella Oxytoca 
(31) Enterobacter aerogenes 
(32) Hafnia alvei 
(33) Serratia liquefaciens 
(34) Proteus mirabilis 
(35) Proteus vulgaris 
(36) Morganella morganii 
(37) Providencia rettgeri 
(38) Aeromonas hydrophila 
(39) Aeromonas sobria 
(40) Gardnerella vaginalis 
(41) Corynebacterium diphtheriae 
(42) Legionella pneumophila 

(43) Bacillus cereus 
(44) Bacillus subtilis 
(45) Mycobacterium kansasii 
(46) Mycobacterium intracellulare 
(47) Mycobacterium chelonae 
(48) Nocardia asteroides 
(49) Bacteroides fragilis 
(50) Bacteroides thetaiotaomicron 
(51) Clostridium difficile 
(52) Clostridium perfingens 
(53) Eggerthella lenta 
(54) Fusobacterium necrophorum 
(55) Fusobacterium nucleatum 
(56) Lactobacillus acidophilus 
(57) Anaerococcus previotii 
(58) Peptoniphilus asaccharolyticus 
(59) Porphyromonas asaccharolytica 
(60) Porphyromonas gingivalis 

(61) PrevOtella denticola 
(62) Propionibacterium acnes 
(63) Acinetobacter johnsonii 
(64) Acinetobacter junii 
(65) Aeromonas Schubertii 
(66) Aeromonas veronii 
(67) Bacteroides distasonis 
(68) Bacteroides vulgatus 
(69) Campylobacter coli 
(70) Campylobacter hyointestinalis 
(71) Campylobacter jejuni 
(72) Flavobacterium aquatile 
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(73) Flavobacterium mizutai 
(74) Peptococcus niger 
(75) Propionibacterium avidum 
(76) Propionibacterium feudenreichii 
(77) Propionibacterium granulosum 
(78) Clostridium butyricum 
(79) Flavobacterium hydatis 
(80) Flavobacterium johnsoniae 
The primers shown in Table 2 were purified by high per 

formance liquid chromatography (HPLC) after synthesis. 
The twenty-one forward primers and the seven reverse prim 
ers were mixed and dissolved in a TE buffer solution such that 
each primer concentration had an ultimate concentration of 
10 pmol/ul. 

2-2. Preparation of Labeling PCR Primers 
In a manner similar to the above-mentioned analyte ampli 

fication primers, oligonucleotides having sequences as shown 
in Table 3 below were employed as primers for labeling. 

TABLE 3 

Primer No SEQ ID NO. Sequence 

Cy3R9-1 29 s' TACCTTGTTACGACTTCACCCCA 3" 

Cy3R9-2 3 O s' TACCTTGTTACGACTTCGTCCCA 3" 

Cy3R9-3 31 s' TACCTTGTTACGACTTAGTCCCA 3" 

Cy3R9 - 4 32 s' TACCTTGTTACGACTTAGCCCCA 3" 

Cy3R9-5 33 s' TACCTTGTTACGACTTAGTCCTA 3 

Cy3R9-6 34 s' TACCTTGTTACGACTTAGCCCTA 3 

The primers shown in Table 3 were labeled with a fluores 
cent dye, Cy3. The primers were purified by high perfor 
mance liquid chromatography (HPLC) after synthesis. The 
six labeled primers were mixed and dissolved in a TE buffer 
Solution Such that each primer concentration had an ultimate 
concentration of 10 pmol/ul. 

3. Extraction of Genome DNA (Model Analyte) of Propi 
Onibacterium (Genus) 

3-1. Microbial Culture & Genome DNA Extraction 
First, three species of Propionibacterium (genus), Propi 

Onibacterium acnes (JCM 6473), Propionibacterium avidum 
(ATCC 25577) and Propionibacterium feudenreichii (ATCC 
6207), were cultured in accordance with the conventional 
method. This microbial culture medium was subjected to the 
extraction and purification of genome DNA by using a 
nucleic acid purification kit (FastPrep FP100A FastDNA Kit, 
manufactured by Funakoshi Co., Ltd.). 

3-2. Test of Collected Genome DNA 

The collected genome DNA of the microorganism, Propi 
Onibacterium (genus), was Subjected to agarose electrophore 
sis and 260/280-nm absorbance determination in accordance 
with the conventional method. Thus, the quality (the admix 
ture amount of low molecular nucleic acid and the degree of 
decomposition) and the collection amount were tested. In this 
example, about 10 ug of the genome DNA was collected. No 
degradation of genome DNA or contamination of rRNA was 
observed. The collected genome DNA was dissolved in a TE 
buffer solution at an ultimate concentration of 50 ng/ul and 
used in the following experiments. 
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4. Preparation of DNA Chip 
4-1. Cleaning of Glass Substrate 
A glass substrate (size: 25 mmx75 mmx1 mm, available 

from Iiyama Precision Glass) made of synthetic quartz was 
placed in a heat- and alkali-resisting rack and dipped in a 
cleaning Solution for ultrasonic cleaning, which was adjusted 
to have a predetermined concentration. The glass Substrate 
was kept dipped in the cleaning Solution for a night and 
cleaned by ultrasonic cleaning for 20 min. The substrate was 
picked up, lightly rinsed with pure water, and cleaned by 
ultrasonic cleaning in ultrapure water for 20 min. The sub 
strate was dipped in a 1N aqueous sodium hydroxide solution 
heated to 80°C. for 10 min. Pure water cleaning and ultrapure 
water cleaning were executed again. A quartz glass Substrate 
for a DNA chip was thus prepared. 

4-2. Surface Treatment 
A silane coupling agent KBM-603 (available from Shin 

Etsu Silicone) was dissolved in pure water at a concentration 
of 1% by weight (wt %) and stirred at room temperature for 2 
hrs. The cleaned glass Substrate was dipped in the aqueous 
Solution of the silane coupling agent and left stand still at 
room temperature for 20 min. The glass Substrate was picked 
up. The surface thereof was lightly rinsed with pure water and 
dried by spraying nitrogen gas to both surfaces of the Sub 
strate. The dried substrate was baked in an oven at 120° C. for 
1 hr to complete the coupling agent treatment, whereby an 
amino group was introduced to the Substrate Surface. Next, 
N-maleimidocaproyloxy succinimido (abbreviated as EMCS 
hereinafter) was dissolved in a 1:1 (volume ratio) solvent 
mixture of dimethyl sulfoxide and ethanol to obtain an ulti 
mate concentration of 0.3 mg/ml. As a result, an EMCS 
solution was prepared. Here, EMCS is N-(6-maleimidoca 
proyloxy)Succinimido available from Dojindo. 
The baked glass substrate was left stand and cooled and 

dipped in the prepared EMCS solution at room temperature 
for 2 hrs. By this treatment, the amino group introduced to the 
Surface of the Substrate by the silane coupling agent reacted 
with the succinimide group in the EMCS to introduce the 
maleimide group to the Surface of the glass Substrate. The 
glass substrate picked up from the EMCS solution was 
cleaned by using the above-described solvent mixture in 
which the EMCS was dissolved. The glass substrate was 
further cleaned by ethanol and dried in a nitrogen gas atmo 
sphere. 

4-3. Probe DNA 
The microorganism detection probe prepared in the stage 1 

(Preparation of Probe DNA) of Example 1 was dissolved in 
pure water. The solution was dispensed such that the ultimate 
concentration (at ink dissolution) became 10 uM. Then, the 
solution was freeze-dried to remove water. 

4-4. DNA Discharge by BJ Printer and Bonding to Sub 
Strate 

An aqueous solution containing 7.5-wt % glycerin, 7.5-wt 
% thiodiglycol, 7.5-wt % urea, and 1.0-wt % Acetylenol EH 
(available from Kawaken Fine Chemicals) was prepared. The 
probe (Table 1) prepared in advance was dissolved in the 
Solvent mixture at a specific concentration. An ink tank for an 
inkjet printer (trade name: BJF-850, available from Canon) is 
filled with the resultant DNA solution and attached to the 
printhead. 
The inkjet printer used here was modified in advance to 

allow printing on a flat plate. When a printing pattern is input 
in accordance with a predetermined file creation method, 
about 5-picoliter of a DNA solution can be spotted at a pitch 
of about 120 um. 
The printing operation was executed for one glass Substrate 

by using the modified inkjet printer to prepare an array. After 
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confirming that printing was reliably executed, the glass Sub 
strate was left stand still in a humidified chamber for 30 min 
to make the maleimide group on the glass Substrate Surface 
react with the thiol group at the nucleic acid probe terminal. 

4-5. Cleaning 
After reaction for 30 min, the DNA solution remaining on 

the surface was cleaned by using a 10-mM phosphate buffer 
(pH 7.0) containing 100-mMNaCl, thereby obtaining a DNA 
chip in which single-stranded DNAs were immobilized on the 
glass Substrate Surface. 

5. Amplification and Labeling of Analyte 
5-1. Amplification of Analyte: 1st PCR 
The amplification reaction (1st PCR) and the labeling reac 

tion (2nd PCR) of a microbial gene to be provided as an 
analyte are shown in Table 4 below. 

TABLE 4 

AmpliTaq Gold LD (5.0 UL) 
Primer mix <FR21X7> 

0.5 L (2.5 unittube) 
2.0 L 

Forward primer (x21 (0.625 Meach) 
Reverse primer (x07 (1.875 Meach) 
10x PCR buffer 
MgCl2 (25 mM) 
dNTPmix (2.5 mM/each) 

(final 1.25 pmol each tube) 
(final 3.75 pmol each tube) 
5.0 L (final 1X conc.) 
8.0 L (final 4.0 mM) 
4.0 L (final 200 IM each) 

Template variable 
H2O up to 50 L 

Total 50 L 

Amplification reaction of the reaction Solution having the 
above-mentioned composition was carried out using a com 
mercially available thermal cycler in accordance with the 
protocol illustrated in FIG. 1. After the end of reaction, the 
primer was purified using a purification column (QIAquick 
PCR Purification Kit available from QIAGEN). Subse 
quently, the quantitative assay of the amplified product was 
carried out. 

5-2. Labeling Reaction: 2nd PCR 
Amplification reaction of the reaction Solution having the 

composition shown in Table 5 was carried out using a com 
mercially available thermal cycler in accordance with the 
protocol illustrated in FIG. 2. 

TABLE 5 

Premix Taq (Ex Taq Version) 25 L 
Cy3-labeled reverse primer mix 0.83 IL 
Cy3R9 mix (x0610 Meach) (final 8.3 pmol each tube) 
Template variable (final 30 ng/tube) 
H2O up to 50 L 

Total 50 L 

After the end of reaction, the primer was purified using a 
purification column (QIAquick PCR Purification Kit avail 
able from QIAGEN) to obtain a labeled analyte. 

6. Hybridization 
Detection reaction was performed using the DNA chip 

prepared in the stage 4 (Preparation of DNA Chip) and the 
labeled analyte prepared in the stage 5 (Amplification and 
Labeling of Analyte). 

6-1. Blocking of DNA Chip 
Bovine serum albumin (BSA, Fraction V: available from 

Sigma) was dissolved in a 100-mM NaCl/10-mM phosphate 
buffer such that a 1 wt % solution was obtained. Then, the 
DNA chip prepared in the stage 4 (Preparation of DNA Chip) 
was dipped in the Solution at room temperature for 2 hrs to 
execute blocking. After the end of blocking, the chip was 
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cleaned using a washing solution as described below, rinsed 
with pure water and hydro-extracted by a spin dryer. 
The washing solution: 2xSSC solution (NaCl-300 mM, 

sodium citrate (trisodium citrate dihydrate, CH3Na2H2O) 
30 mM, pH 7.0) containing 0.1-wt % sodium dodecyl sulfate 
(SDS) 

6-2. Hybridization 
The hydro-extracted DNA chip was placed in a hybridiza 

tion apparatus (Hybridization Station available from 
Genomic Solutions Inc). Hybridization reaction was carried 
out in a hybridization solution under conditions as described 
below. 

6-3. Hybridization Solution 
6xSSPE/10% formamide/target (all 2nd PCR products)/ 

0.05 wt % (6xSSPE: NaCl 900 mM, NaH2POHO 50 mM, 
EDTA 6 mM, pH, 7.4) 

6-4. Hybridization Conditions 
65° C. for 3 min, 55° C. for 4 hrs, washing with 2xSSC/ 

0.1% SDS at 50° C., washing with 2xSSC/0.1% SDS at 20° 
C. (rinse with H2O: manual), and spin dry. 

7. Microorganism Genome Detection (Fluorometry) 
The DNA chip after the end of hybridization reaction was 

subjected to fluorometry with a DNA chip fluorescent detec 
tor (GenePix 4000B available from Axon). As a result, Pro 
pionibacterium (genus) was able to be detected with a suffi 
cient signal at a high reproducibility. The results of 
fluorometry are shown in Table 6 below. 

TABLE 6 

Fluorescence intensity 

Propioni- Propioni- Propioni 
bacterium bacterium bacterium 

(Gies avidium feudenreichii 
Probe No. JCM 6473 ATCC 25577 ATCC 62O7 

115 G. PRO O1 2316.1 2947.9 8698.8 

8. Hybridization with Other Bacterial Species 
For proving the fact that the probe set shown in Table 1 can 

be specifically hybridized only with Propionibacterium (ge 
nus), the result of hybridization reaction with Escherichia 
coli (JCM 1649) is shown in Table 7 below. 

TABLE 7 

Fluorescence intensity 
Probe No. Escherichia coli (JCM 1649) 

115 G. PRO O1 SO.O 

9. Results 
As is evident from the above description, a DNA chip was 

prepared such that a probe, which was able to detect only 
Propionibacterium (genus) in a specific manner, was immo 
bilized. Further, the use of such a DNA chip allowed the 
identification of an infectious disease pathogenic bacterium, 
so the problems of the DNA probe derived from a microor 
ganism was able to be solved. In other words, the oligonucle 
otide probe can be chemically produced in large amounts, 
while the purification or concentration thereof can be con 
trolled. In addition, for classification of microbial species, a 
probe set capable of collectively detecting bacterial strains of 
the same genus and differentially detecting them from bacte 
ria of other genera, was able to be provided. 

Further, in addition to Escherichia colias described above, 
hybridization reaction was carried out on each of nucleic 
acids extracted from the bacteria represented in the above 
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mentioned items (1) to (80). The results thereof confirmed 
that no substantial reaction was observed with respect to each 
of those bacteria in a manner similar to that of Escherichia 
coli, except of Propionibacterium (genus). 
The bacteria represented in the above-mentioned items (1) 

to (80) are pathogenic bacteria for septicemia, and they cover 
almost all of the pathogenic bacteria ever detected in human 
blood. Therefore, by using the primer of the present embodi 
ment, the nucleic acid of an infectious disease pathogenic 
bacterium in blood can be extracted and then subjected to 
hybridization reaction with the probe of the present invention, 
whereby identification of Propionibacterium (genus) can be 
performed with higher accuracy. 

Further, according to the above-mentioned example, the 
presence of an infectious disease pathogenic bacterium can 
be efficiently determined with high accuracy by completely 
detecting the 16S rRNA gene from the gene of the infectious 
disease pathogenic bacterium. 

Example 2 

Preparation of DNA Chip by which Various Bacterial 
Species can be Simultaneously Determined 

In a manner similar to the stage 1 (Preparation of Probe 
DNA) of Example 1, probes having base sequences as shown 
in Table 8 below were prepared. 

TABLE 8 

Bacterial species SEQ 
(or genus) ID 
of interest Probe sequence (5'-->3') NO. 

Anaerococcus TCATCTTGAGGTATGGAAGGGAAAGTGG 35 
previotii GTGTTAGGTGTCTGGAATAATCTGGGTG 36 

ACCAAGTCTTGACATATTACGGCGG 37 

Bacteroides AAGGATTCCGGTAAAGGATGGGGATG 38 
fragilis TGGAAACATGTCAGTGAGCAATCACC 39 

Bacteroides AAGAATTTCGGTTATCGATGGGGATGC 4 O 
the taiotaomi cror AAGTTTTCCACGTGTGGAATTTTGTATG 41 

T 
AAGGCAGCTACCTGGTGACAGGAT 42 

Clostridium AATATCAAAGGTGAGCCAGTACAGGATG 43 
difficile GA 

CCGTAGTAAGCTCTTGAAACTGGGAGAC 44 
TCCCAATGACATCTCCTTAATCGGAGAG 45 

Clostridium AACCAAAGGAGCAATCCGCTATGAGAT 46 
perfiringens GAGCGTAGGCGGATGATTAAGTGGG 47 

CCCTTGCATTACTCTTAATCGAGGAAAT 48 
C 

Eggerthella lenta GGAAAGCCCAGACGGCAAGGGA 49 
CCTCTCAAGCGGGATCTCTAATCCGA SO 
TGCCCCATGTTGCCAGCATTAGG 51 

Fusobacterium TTTTCGCATGGAGGAATCATGAAAGCTA 52 
necrophorum AGATGCGCCGGTGCCCTTTCG 53 

AGTCGCGAAGAAGTCAGTGACGGTAC 54 

Peptoniphilus GAGTACGTGCGCAAGCATGAAACT 55 
a saccharolyticus 

Porphyromonas GAAGACTGCCCGCAAGGGTTGTAA 56 
a saccharolytica GTGTACTGGAGGTACGTGGAACGTG f 

GCATGAGGCTGAGAGGTCTCTTCC 58 

Porphyromonas TTATAGCTGTAAGATAGGCATGCGTCCC 59 
gingival is AACGGGCGATACGAGTATTGCATTGA 6 O 

ATATACCGTCAAGCTTCCACAGCGA 61 
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15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

TABLE 8- continued 

Bacterial species SEQ 
(or genus) ID 
of interest Probe sequence (5'-->3') NO. 

Enterococcus TTTGAAAGGCGCTTTTGCGTCACTG 62 
avium CAAGGATGAGAGTAGAACGTTCATCCCT 63 

TG 
CAAGGATGAGAGTAGAATGTTCATCCCT 64 
TG 

Providencia CCTGGGAATGGCATCTAAGACTGGTCA 65 
rettgeri GAGGAAGGCGTTGATGCTAATATCATCA 66 
Acinetobacter GAGCAAAGCAGGGGAACTTCGGTC 67 
(genus) GTTGGGGCCTTTGAGGCTTTAGTG 68 

TGGGAGAGGATGGTAGAATTCCAGGT 69 

Prevoteia TCGATGACGGCATCAGATTCGAAGCA 70 
denticola AATGTAGGCGCCCAACGTCTGACT 71. 

ATGTTGAGGTCCTTCGGGACTCCT 72 

Flavobacterium GGAAGTAACTAGAATATGTAGTGTAGCG 73 
(genus) GTG 

GCCAGTGCAAACTGTGAGGAAGGT 74 
GGGTAGGGGTCCTGAGAGGGAGATC 7s 

Aeromonas (genus) GAGTGCCTTCGGGAATCAGAACAC 76 
CTGCAAGCTAGCGATAGTGAGCGA 77 

Bacteroides CGATGGATAGGGGTTCTGAGAGGAA 78 
(genus) TGCGGCTCAACCGTAAAATTGCAGT 79 

TGTGGCTCAACCATAGAATTGCCGT 8O 

Peptococcus niger GTACCTGTAAGAAAGACGGCCTTCGT 81 
CTGCCGAGTGATGTAATGTCACTTTTC 82 
TCGGAGGTTTCAAGACCGTCGG 83 

Clostridium ACCAAAGGAGCAATCCGCTATGAGATG 84 
(genus) ATCAAAGGTGAGCCAGTACAGGATGG 85 

ATTAAAGGAGTAATCCGCTATGAGATGG 86 
ACC 

Propionibacterium GGGCTAATACCCCATAGGAGCTCCTG 87 
CeS AAGCGTGAGTGACGGTAATGGGTAAA 88 

ATCGCGTCGGAAGTGTAATCTTGGG 89 

Campylobacter TGGAGCAAATCTATAAAATATGTCCCAG 90 
(genus) T 

ACAGTGGAATCAGCGACTGGGG 91 

Aeromonas GCCTAATACGTATCAACTGTGACGTTAC 92 
hydrophila GCCTAATACGTGTCAACTGTGACGTTAC 93 

Propionibacterium GCTTTCGATACGGGTTGACTTGAGGAA 94 
(genus) 

Those probes are capable of specifically detecting certain 
bacterial species (or genera) shown in the left column in the 
table just as one specific to Propionibacterium (genus) of 
Example 1. 

Further, those probes are designed such that they have the 
same Tm value as that of a target, the same reactivity with a 
non-target sequence, and the like so that the nucleic acid of 
the bacterial species of interest can be specifically detected 
under the same reaction conditions. 

For the respective probes, probesolutions were prepared in 
a manner similar to the stage 4-3 of Example 1. Subsequently, 
the inkjet printer used in the stage 4-4 of Example 1 was 
employed to discharge each of the probe Solution on the same 
substrate to form a plurality of DNA chips having spots of the 
respective probes being arranged at a pitch of about 120 um. 
One of the DNA chips was used for hybridization with the 

nucleic acid extracted from Propionibacterium (genus) in a 
manner similar to the stage 6 of Example 1. As a result, the 
spot of the probe which specifically detected Propionibacte 
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rium (genus) showed almost the equal fluorescence intensity 
as that of Example 1. In contrast, the spots of other probes 
showed extremely low fluorescence intensity. 

Further, other prepared DNA chips were used for hybrid 
ization with the bacterialisted in Table 8 except of Propioni 
bacterium (genus). As a result, the spot of Propionibacterium 
(genus) showed extremely low fluorescence intensity, while 
the spot of the probe for the bacterial species of interest 
showed extremely high fluorescence intensity. Therefore, the 
DNA chip prepared in the present example was confirmed 
that it was able to simultaneously determine 16 bacterial 
species and 6 generalisted in Table 8 in addition to Propioni 
bacterium (genus). By simultaneously using probes for a 
target species and the corresponding genus (for example, 
Propionibacterium (genus) and Propionibactrium acnes), 
highly accurate identification of the target species or simul 
taneous identification of a plurality of target species of the 
same genus can be performed. 

Example 3 

Using the DNA chip prepared in Example 2, detection was 
attempted when a plurality of bacterial species was present in 
an analyte. 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 95 

<21 Os 
<211 
<212> 
<213> 
<22 Os 

SEO ID NO 1 
LENGTH: 23 
TYPE: DNA 
ORGANISM: Artificial 
FEATURE; 
OTHER INFORMATION: Primer 

<4 OOs SEQUENCE: 1 

gcggcgtgcc taata catgc aag 

SEO ID NO 2 
LENGTH: 23 
TYPE: DNA 
ORGANISM: 
FEATURE; 
OTHER INFORMATION: Primer 

artificial 

<4 OOs SEQUENCE: 2 

gcggCaggcc talacacatgc aag 

SEO ID NO 3 
LENGTH: 23 
TYPE: DNA 
ORGANISM: 
FEATURE; 
OTHER INFORMATION: Primer 

artificial 

<4 OOs SEQUENCE: 3 

gcggCaggct talacacatgc aag 

SEO ID NO 4 
LENGTH: 23 

TYPE: DNA 
ORGANISM: 
FEATURE; 

OTHER INFORMATION: Primer 

artificial 

10 
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20 
A culture medium in which Propionibacterium acnes as 

Propionibacterium (genus) and Eggerthella lenta were cul 
tured was prepared and Subjected to the same treatment as that 
of Example 1 to react with the DNA chip. 
As a result, only the spots of the probes having SEQ ID 

NOS. 49, 50, 51,87, 88,89, and 94 showed high fluorescence 
intensity, so the coexistence of those bacteria was able to be 
simultaneously confirmed. 
The present invention is not limited to the above-men 

tioned embodiments and various changes and modifications 
can be made within the spirit and scope of the present inven 
tion. Therefore to apprise the public of the scope of the 
present invention, the following claims are made. 

While the present invention has been described with refer 
ence to exemplary embodiments, it is to be understood that 
the invention is not limited to the disclosed exemplary 
embodiments. The scope of the following claims is to be 
accorded the broadest interpretation so as to encompass all 
Such modifications and equivalent structures and functions. 

This application claims the benefit of Japanese Patent 
Application No. 2006-306004, filed Nov. 10, 2007, which is 
hereby incorporated by reference in its entirety. 
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<4 OOs, SEQUENCE: 4 

gcgg taggcc taacacatgc aag 

<210s, SEQ ID NO 5 
&211s LENGTH: 23 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 5 

gcggcgtgct taacacatgc aag 

<210s, SEQ ID NO 6 
&211s LENGTH: 23 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 6 

gcgggatgcc ttacacatgc aag 

<210s, SEQ ID NO 7 
&211s LENGTH: 23 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OO > SEQUENCE: 7 

gcgg catgcc ttacacatgc aag 

<210s, SEQ ID NO 8 
&211s LENGTH: 23 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 8 

gcgg catgct taacacatgc aag 

<210s, SEQ ID NO 9 
&211s LENGTH: 23 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 9 

gcggcgtgct taatacatgc aag 

<210s, SEQ ID NO 10 
&211s LENGTH: 23 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 10 

gcggcaggcc taatacatgc aag 

<210s, SEQ ID NO 11 
&211s LENGTH: 23 
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&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 11 

gcgggatgct ttacacatgc aag 

<210s, SEQ ID NO 12 
&211s LENGTH: 23 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 12 

gcggcgtgcc taacacatgc aag 

<210s, SEQ ID NO 13 
&211s LENGTH: 23 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 13 

gcggcgtgca taacacatgc aag 

<210s, SEQ ID NO 14 
&211s LENGTH: 23 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 14 

gcgg catgcc taacacatgc aag 

<210s, SEQ ID NO 15 
&211s LENGTH: 23 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 15 

gcggcgc.gcc taacacatgc aag 

<210s, SEQ ID NO 16 
&211s LENGTH: 23 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 16 

gcggcgc.gct taacacatgc aag 

<210s, SEQ ID NO 17 
&211s LENGTH: 23 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 17 
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gcgt catgcc taacacatgc aag 

<210s, SEQ ID NO 18 
&211s LENGTH: 23 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 18 

gcgataggct taacacatgc aag 

<210s, SEQ ID NO 19 
&211s LENGTH: 23 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 19 

gcgacaggct taacacatgc aag 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 23 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 2O 

gctacaggct taacacatgc aag 

<210s, SEQ ID NO 21 
&211s LENGTH: 23 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 21 

acagaatgct taacacatgc aag 

<210s, SEQ ID NO 22 
&211s LENGTH: 22 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 22 

atccagcc.gc acctt.ccgat ac 

<210s, SEQ ID NO 23 
&211s LENGTH: 22 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 23 

atccaa.ccgc aggttc.ccct ac 

<210s, SEQ ID NO 24 
&211s LENGTH: 22 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
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22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 24 

atccagcc.gc aggttc.ccct ac 

<210s, SEQ ID NO 25 
&211s LENGTH: 22 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 25 

atccagcc.gc acctt.ccggit ac 

<210s, SEQ ID NO 26 
&211s LENGTH: 22 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 26 

atcCaggcc aggttc.ccct ag 

<210s, SEQ ID NO 27 
&211s LENGTH: 22 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 27 

atccagcc.gc aggttctic ct ac 

<210s, SEQ ID NO 28 
&211s LENGTH: 22 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 28 

atccagcc.gc acgttc.ccgt ac 

<210s, SEQ ID NO 29 
&211s LENGTH: 23 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 29 

taccttgtta cqactt cacc cca 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 23 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 30 

taccttgtta cqactt cqtc cca 
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<210s, SEQ ID NO 31 
&211s LENGTH: 23 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 31 

taccttgtta cqact tagt c cca 

<210s, SEQ ID NO 32 
&211s LENGTH: 23 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 32 

taccttgtta cqacttagcc cca 

<210s, SEQ ID NO 33 
&211s LENGTH: 23 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 33 

taccttgtta cqact tagt c cta 

<210s, SEQ ID NO 34 
&211s LENGTH: 23 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 34 

taccttgtta cqacttagcc cta 

<210s, SEQ ID NO 35 
&211s LENGTH: 28 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 35 

t catcttgag gtatggaagg gaaagtgg 

<210s, SEQ ID NO 36 
&211s LENGTH: 28 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 36 

gtgttaggtg tctggaataa tictgggtg 

<210s, SEQ ID NO 37 
&211s LENGTH: 25 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 
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<4 OO > SEQUENCE: 37 

accalagtott gaCat attac ggcgg 

<210s, SEQ ID NO 38 
&211s LENGTH: 26 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 38 

aaggatt.ccg gtaaaggatggggatg 

<210s, SEQ ID NO 39 
&211s LENGTH: 26 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 39 

tggaaacatgtcagtgagca at Cacc 

<210s, SEQ ID NO 4 O 
&211s LENGTH: 27 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 4 O 

aagaattt cq gttatcgatggggatgc 

<210s, SEQ ID NO 41 
&211s LENGTH: 29 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 41 

aagtttitcca cqtgtggaat tttgtatgt 

<210s, SEQ ID NO 42 
&211s LENGTH: 24 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 42 

aaggcagcta Cctggtgaca ggat 

<210s, SEQ ID NO 43 
&211s LENGTH: 30 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 43 

aat atcaaag gtgagc.cagt acaggatgga 

<210s, SEQ ID NO 44 
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&211s LENGTH: 28 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 44 

cc.gtag taag Ctcttgaaac tdgagac 

<210s, SEQ ID NO 45 
&211s LENGTH: 28 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 45 

t cccaatgac atctocittaa toggagag 

<210s, SEQ ID NO 46 
&211s LENGTH: 27 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 46 

alaccalaagga gcaatcc.gct atgagat 

<210 SEQ ID NO 47 
&211s LENGTH: 25 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 47 

gag.cgtaggc ggatgattaa gtggg 

<210s, SEQ ID NO 48 
&211s LENGTH: 29 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 48 

c ccttgcatt act cittaatc gaggaaatc 

<210s, SEQ ID NO 49 
&211s LENGTH: 22 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 49 

ggaaag.ccca gacggcaagg ga 

<210s, SEQ ID NO 50 
&211s LENGTH: 26 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 50 
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cct citcaa.gc gggat.cticta atc.cga 

<210s, SEQ ID NO 51 
&211s LENGTH: 23 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 51 

tgc.cccatgt to cagcatt agg 

<210s, SEQ ID NO 52 
&211s LENGTH: 28 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 52 

ttitt.cgcatg gaggaatcat gaaagcta 

<210s, SEQ ID NO 53 
&211s LENGTH: 21 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

< 4 OO > SEQUENCE: 53 

agatgcgc.cg gtgcc.ctitt C g 

<210s, SEQ ID NO 54 
&211s LENGTH: 26 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 54 

agtcgggaag aagticagtga C9gtac 

<210s, SEQ ID NO 55 
&211s LENGTH: 24 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OO > SEQUENCE: 55 

gagtacgtgc gcaa.gcatga aact 

<210s, SEQ ID NO 56 
&211s LENGTH: 24 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 56 

gaag actgcc cqCaagggitt gtaa 

<210s, SEQ ID NO 57 
&211s LENGTH: 25 
&212s. TYPE: DNA 
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<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OO > SEQUENCE: 57 

gtgtactgga ggtacgtgga acgtg 

<210s, SEQ ID NO 58 
&211s LENGTH: 24 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 58 

gcatgaggct gagaggtotic titcC 

<210s, SEQ ID NO 59 
&211s LENGTH: 28 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OO > SEQUENCE: 59 

titat agctgt aagataggca togt ccc 

<210s, SEQ ID NO 60 
&211s LENGTH: 26 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 60 

aacgggcgat acgagtattg cattga 

<210s, SEQ ID NO 61 
&211s LENGTH: 25 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 61 

at at accqtc aagct tccac agciga 

<210s, SEQ ID NO 62 
&211s LENGTH: 25 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 62 

tittgaaaggc gcttittgcgt cactg 

<210s, SEQ ID NO 63 
&211s LENGTH: 30 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 63 

Caaggatgag agtagaacgt t catcCCttg 
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<210s, SEQ ID NO 64 
&211s LENGTH: 30 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 64 

Caaggatgag agtagaatgt t catcCCttg 

<210s, SEQ ID NO 65 
&211s LENGTH: 27 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 65 

Cctgggaatg gCatctaaga Ctggtca 

<210s, SEQ ID NO 66 
&211s LENGTH: 28 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 66 

gaggaagg.cg ttgatgctaa tat catca 

<210s, SEQ ID NO 67 
&211s LENGTH: 24 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OO > SEQUENCE: 67 

gaggaaag.ca ggggaact tc ggit c 

<210s, SEQ ID NO 68 
&211s LENGTH: 24 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 68 

gttggggcct ttgaggctitt agtg 

<210s, SEQ ID NO 69 
&211s LENGTH: 26 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 69 

tgggagagga tigg tagaatt C Caggit 

<210s, SEQ ID NO 70 
&211s LENGTH: 26 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 
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<223> OTHER INFORMATION: probe 

<4 OO > SEQUENCE: 7 O 

tcgatgacgg cat Cagattic galagca 

<210s, SEQ ID NO 71 
&211s LENGTH: 24 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 71 

aatgtaggcg cccaacgt.ct gact 

<210s, SEQ ID NO 72 
&211s LENGTH: 24 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 72 

atgttgaggit cct tcgggac toct 

<210s, SEQ ID NO 73 
&211s LENGTH: 31 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OO > SEQUENCE: 73 

ggaagtaact agaatatgta gtgtagcggit g 

<210s, SEQ ID NO 74 
&211s LENGTH: 24 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 74 

gccagtgcaa actgtgagga aggt 

<210s, SEQ ID NO 75 
&211s LENGTH: 25 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OO > SEQUENCE: 75 

ggg taggggt CCtgagaggg agatc 

<210s, SEQ ID NO 76 
&211s LENGTH: 24 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OO > SEQUENCE: 76 

gagtgcct tc gggaat Caga acac 
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<210s, SEQ ID NO 77 
&211s LENGTH: 24 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OO > SEQUENCE: 77 

Ctgcaa.gcta gcgatagtga gcga 

<210s, SEQ ID NO 78 
&211s LENGTH: 25 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OO > SEQUENCE: 78 

cgatggatag gggttctgag aggaa 

<210s, SEQ ID NO 79 
&211s LENGTH: 25 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OO > SEQUENCE: 79 

tgcggcticaa ccgtaaaatt gcagt 

<210s, SEQ ID NO 8O 
&211s LENGTH: 25 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 80 

tgtggcticaa C catagaatt gcc.gt 

<210s, SEQ ID NO 81 
&211s LENGTH: 26 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 81 

gtacct gtaa gaaagacggc Cttct 

<210s, SEQ ID NO 82 
&211s LENGTH: 27 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 82 

ctg.ccgagtg atgtaatgtc acttitt c 

<210s, SEQ ID NO 83 
&211s LENGTH: 22 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 
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45 

83 

tcggaggttt Caagaccgt.c gg 

<210s, SEQ ID NO 84 
&211s LENGTH: 27 
&212s. TYPE: DNA 
&213s ORGANISM: 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 

accalaaggag caatcc.gcta tagatg 

artificial 

84 

<210s, SEQ ID NO 85 
&211s LENGTH: 26 
&212s. TYPE: DNA 
&213s ORGANISM: 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 

atcaaaggtg agc.cagtaca ggatgg 

artificial 

85 

<210s, SEQ ID NO 86 
&211s LENGTH: 31 
&212s. TYPE: DNA 
&213s ORGANISM: 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 

attaaaggag taatcc.gcta tagatggac C 

artificial 

86 

<210s, SEQ ID NO 87 
&211s LENGTH: 26 
&212s. TYPE: DNA 
&213s ORGANISM: 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 

gggctaatac C9gataggag ctic ctg 

artificial 

87 

<210s, SEQ ID NO 88 
&211s LENGTH: 26 
&212s. TYPE: DNA 
&213s ORGANISM: 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 

aagcgtgagt gacggtaatg ggtaala 

artificial 

88 

<210s, SEQ ID NO 89 
&211s LENGTH: 25 
&212s. TYPE: DNA 
&213s ORGANISM: 
22 Os. FEATURE: 

<223> OTHER INFORMATION: probe 

<4 OOs, SEQUENCE: 

artificial 

89 

atcgcgt.cgg aagtgtaatc ttggg 

<210s, SEQ ID NO 90 
&211s LENGTH: 29 
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tgacgaag.cg Caagtgacgg tagtgggaga agaag caccg gctaact acg to cagcagc 48O 

cgcggtgata C9tagggtgc gagcgttgtc. c.ggaattatt gggcgtaaag agcttgtagg 54 O 

cggttgat ca C9tcggaagt galaattic cag ggcttaactic tiggcttgct titcgatacgg 6OO 

gttgacttga ggaatgtagg ggagaatgga act ct cqgtg gagcggtgga atgcgcagat 660 

atcgggaaga acaccagtgg caaggcggt t ct ctggaca ttt Cotgacg Ctgagaa.gc.g 72 O 

aaag.cgtggg gagcaaacag gct tagatac Cctgg tagtic cacgc.cgitaa acggtgggta 78O 

Ctaggtgtgg gtc.cct tcca C9gggtc.cgit gcc.gtagcta acgcattaag taccc.cgc.ct 84 O 

ggggagtacg gcc.gcaaggc taaaacticaa aggaattgac ggggcc.ccgc acaag.cggcg 9 OO 

gaggatgcgg attaatticga tigcaacgcga agaac Cttac Ctgggtttga catgtactgg 96.O 

aagcgttcag agatgggcgt gcc tittittgg Ctggtacaca ggtggtgcat ggctgtcgt.c O2O 

agct cqtgtc. gtgagatgtt gggittaagtic cc.gcaacgag cqcaa.ccct C gtcCaatgtt O8O 

gccago agitt C9gctgggga ct cattggag accgc.cgggg C caacticgga ggalaggtggg 14 O 

gatgaggit ca agt cat catg CCC ct tatgt C Cagggcttic acgcatgct a caatggc.cgg 2OO 

tacaaagagt togagcctg. tagggtgag caat ct cag aaa.gc.cggtc. tcagttcgga 26 O 

ttggggtctg. Caactic gacc C catgaagtic ggagt cqcta gtaatcgcag at Cagcaacg 32O 

Ctgcggtgaa tacgttc.ccg gggcttgtac acaccgc.ccg tcaagt catgaaagttctggta 38O 

acaccc.gaag cc.ggtggc cc aacct tttgg ggggagc.cgt Caaggtggg actggtgatt 44 O 

aggactaagt cqtaacaagg tagcc.gtacc ggalaggtgcg g 481 

What is claimed is: 

1. A method of detecting a gene of Propionibacterium 
(genus) in an analyte by using a probe-immobilized carrier, 
comprising the steps of 

(i) reacting the analyte with a probe-immobilized carrier 
immobilizing a probe as arranged thereon under Strin 
gent conditions, wherein the probe consists of the base 
sequence GCTTTCGATACGGGTTGACTTGAGGAA 
(SEQID NO. 94) or the fully complementary sequence 
thereof, and 

(ii) detecting the presence or absence of a reaction of the 
probe on the probe-immobilized carrier with a nucleic 
acid in the analyte. 

2. A method according to claim 1, further comprising the 
step of carrying out PCR amplification of the target nucleic 
acid in the analyte by using a primer including the following 
oligonucleotides: 

(5) an oligonucleotide having a base sequence of 5' gcg 
gcgtgcttaacacatgcaag 3' (SEQID NO. 5); and 

(25) an oligonucleotide having a base sequence of 5' atc 
cagcc.gcacct tccggtac 3' (SEQID NO: 25). 
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3. A method according to claim 1, wherein a DNA of 
Propionibacterium (genus) is specifically detected from the 
analyte, wherein the analyte potentially contains Escherichia 
coli. 

4. A method according to claim 1, wherein a DNA of 
Propionibacterium (genus) is specifically detected from the 
analyte, wherein the analyte potentially contains any one of 
Anaerococcus prevotii, Bacteroides fragilis, Bacteroides 
thetaiotaomicron, Clostridium difficile, Clostridium perfirin 
gens, Eggerthella lenta, Fusobacterium necrophorum, Pep 
toniphilus asaccharolyticus, Porphyromonas asaccharo 
lytica, Porphyromonas gingivalis, Enterococcus avium, 
Providencia rettgeri, Acinetobacter (genus), PrevOtella den 
ticola, Flavobacterium (genus), Aeromonas (genus), 
Bacteroides (genus), Peptococcus niger, Clostridium (genus), 
Propionibacterium acnes, Campylobacter (genus), Aeromo 
nas hydrophila, and Propionibacterium (genus). 

5. A method according to claim 1, wherein the method uses 
a kit for detecting a DNA of Propionibacterium (genus) com 
prising the probe-immobilized carrier and a reagent for 
detecting a reaction between the probe and a target nucleic 
acid. 


